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IXW-SPEED CHARACTEFUSTICS O F  A 

1/20-SCAI& FOUR-ENGINE TRANSPORT MODEL W I T H  LARGE BODIES 

MXlKCED ABOVE THE FUSELAGE 

By Vernard E. hckwood 

SUMMARY 

A n  invest igat ion w a s  made a t  a Mach number of 0.2 t o  determine the  aero- 
dynamic charac te r i s t ics  of a 1/20-scale model of a t ransport  a i rplane having 
bodies with diameters grea te r  than t h e  fuselage mounted above the  fuselage. 
The bodies represented were the  Saturn f i rs t  stage,  a Saturn upper stage,  and 
a capsule la rge  enough t o  contain e i the r  stage. A l l  bodies had nose and t a i l  
fa i r ings .  

The addition of bodies ' to  t he  airplane model resul ted i n  a large l o s s  of 
d i rec t iona l  s t a b i l i t y .  
t a i l  area about 2 r  times t h e  o r ig ina l  area t o  provide sa t i s fac tory  d i rec t iona l  

2 
charac te r i s t ics .  Although the  bodies had a detrimental  e f f ec t  on the  longitu- 
d ina l  s t a b i l i t y ,  t he  modifications t o  the  v e r t i c a l  and horizontal  t a i l s  t h a t  
were necessary f o r  d i rec t iona l  s t a b i l i t y  resu l ted  i n  the  combinations having 
greater  longitudinal s t a b i l i t y  than the  basic  model. 
airplane-body combinations were 50 t o  70 percent grea te r  than t h a t  of t he  orig- 
i n a l  a i rplane configuration. 

The airplane-capsule configuration required a ve r t i ca l -  

The minimum drag of t he  

INTRODUCTION 

This invest igat ion w a s  made t o  explore the  poss ib i l i t y  of transporting 
large booster rockets such as  t h e  Saturn by airplane.  
an a i r c r a f t  company w a s  a "pickaback" arrangement of booster rocket and t rans-  
port .  The proposal ca l led  f o r  mounting a streamlined version of t h e  Saturn 
u$per s tage booster rocket above the  wing of a t ransport  airplane.  Additional 
proposals were made f o r  carrying the  fu l l - s i ze  Saturn booster o r  a capsule large 
enough t o  contain e i t h e r  stage. Because of t he  s i z e  of these bodies, which have 
a diameter considerably grea te r  than t h e  airplane fuselage, it would be expected 
tha t  t he  aerodynamics of t h e  combination would be materially al tered.  
might be reasoned from t h e  length of t h e  capsule and i t s  nearness t o  t h e  v e r t i -  
c a l  t a i l  t h a t  t he  d i rec t iona l  s t a b i l i t y  of t h e  model might be ser iously i m -  
paired. It i s  the purpose of this invest igat ion t o  determine how t h e  aerody- 
namic charac te r i s t ics  of t h e  airplane would be affected by the  addition of t h e  
bodies and w h a t  modifications might be made t o  the model i n  order t o  r e t a i n  a 

One method proposed by 

A l s o  it 



desired l e v e l  of s t a b i l i t y .  
which would not e n t a i l  l a rge  and cost ly  modifications t o  t he  airplane.  With 
t h i s  i n  mind, many horizontal- and v e r t i c a l - t a i l  combinations re la ted  t o  the 
o r ig ina l  t a i l  were tested. The v e r t i c a l - t a i l  configurations varied i n  s ize ,  
aspect r a t i o ,  shape, and number. 

-hasis w a s  placed on finding t a i l  configurations 

Results a r e  presented f o r  a 1/20-scale model of a t ransport  a i rplane and 
f o r  combinations of t he  model with t h e  Saturn upper stage, t he  Saturn first 
stage, o r  a capsule la rge  enough t o  contain e i t h e r  stage. For a l l  tests t h e  
model propel lers  were removed. Rudder, elevator,  and flap effectiveness w a s  
determined f o r  some airplane-body configurations. 
a s ides l ip  angle of 0' over an angle-of-attack range from -8' t o  13' and a t  an 
angle of a t tack  of about Oo over a s ides l ip  range from -8' t o  16'. 
a f e w  tests were made over an angle-of-attack range from -8' t o  13' a t  a side- 
s l i p  angle of 5'. 
t o  a Reynolds number of about l,39O,OOO per foot.  
without extensive analysis.  

The model w a s  tested a t  

I n  addition, 

The tes ts  were made a t  a Mach number of 0.2 which corresponds 
The re su l t s  a r e  presented 

The force and moment coef f ic ien ts  a r e  referred t o  t h e  s tab i l i ty -ax is  
system, which i s  shown i n  figure 1. The reference dimensions used f o r  reducing 
the  data are those of a 1/20-scale model of t h e  airplane shown i n  f igure  2. 
moment reference point  w a s  located a t  a posi t ion 810 inches behind the  nose of 
t he  airplane and 234 inches above t h e  bottom of t h e  fuselage which corresponds 
t o  the center of gravi ty  of t h e  proposed airplane-body combinations shown i n  
figures 3 t o  5.  

The 

span of model, 8.983 f t  

mean aerodynamic chord of model, 0.843 f t  

drag coeff ic ient ,  Longitudinal force 
qs 

L i f t  l i f t  coeff ic ient ,  - 
qs 

Rolling moment 
qSb 

rolling-moment coeff ic ient ,  

e f fec t ive  dihedral  parameter, -, ac2 per  deg 
aP 

Pitching moment pitching-moment coeff ic ient ,  
qsc 

Yawing moment yawing-moment coeff ic ient ,  
qSb 



di rec t iona l -s tab i l i ty  parameter, -, &n per deg 
as 

Side force 
qs 

CY side-force coefficient,  

3% 
as side-force parameter, -, per deg 
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S 

a angle of a t tack of fuselage reference l ine ,  deg 

s angle of s idesl ip ,  deg 

6 surface deflection, deg 

Subs c r i p  t s : 

free-stream dynamic pressure, lb/sq f t  

wing area, 6.683 sq f t  

e elevator 

f f l ap  

r rudder 

MODEL DESCRIPTION 

Airplane 

A 1/20-scale model of the  Douglas C-133 airplane which i s  a high-wing, 
four-engine turboprop transport  was used a s  the ca r r i e r  vehicle i n  the  wind- 
tunnel investigation reported herein. 
airplane i s  given i n  f igure 2 and a photograph of t he  1/20-scale model i n  com- 
bination with one of the  bodies tes ted  i s  presented i n  f igure 6. 
of the  basic model are also given i n  t ab le  I. 
w a s  equipped with engine nacelles no propellers were used i n  the  investigation. 

A three-view drawing of the fu l l - sca le  

Dimensions 
Although the  wing of the  model 

Three body configurations w e r e  t es ted  i n  combination with the airplane 
model; they a r e  the Saturn f i rs t -s tage booster, a Saturn upper stage, and a 
cylinder o r  capsule large enough t o  contain e i the r  stage. 

Capsule 

The capsule which had a diameter 268.0 inches and overa l l  length of 
1404.0 inches ( f u l l  scale) was made up of three sections,  a hemispherical nose, 
a cyl indrical  midsection, and a t a i l  fa i r ing .  Two t a i l  f a i r ings  were used on 
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the  capsule, one having a c i rcu lar  cross section and the other having an e l l i p -  
t i c a l  cross section a s  shown i n  f igures  3 and 4, respectively. 
capsule w a s  supported by four airfoil-shape struts but during the investigation 
the  forward struts were replaced by round ones. 
posit ions on the fuselage, the  "basic posit ion" and the  "rear posit ion." 
these two posit ions d i f fe ren t  shrouds were used. 
used with the  capsule i n  the  basic posi t ion i n  f igure  3 and the  short  forward 
shrouds when the  capsule was mounted i n  the  rear  posi t ion i n  f igure 4. 

I n i t i a l l y  the  

The capsule was tes ted  i n  two 
I n  

The long rear  shrouds were 

Saturn F i r s t  Stage 

The Saturn first stage, which i s  referred t o  as S-I, i s  a body with the 
same overal l  dimensions as the capsule. I n  order t o  simulate the  S-I a section 
of the cylinder of the  capsule was replaced by eight smaller cylinders arranged 
i n  a c i r c l e  a s  shown i n  the  upper sketch of f igure  4. A f a i r ing  a t  each end of 
the eight cylinders completed the configuration. 
only the rear  posi t ion and with only the round support s t r u t .  

The S-I model was tes ted  i n  

Saturn Upper Stage 

A sketch of t he  Saturn upper stage booster (S-N) which had a diameter of 
220 inches ( f u l l  scale) and an overal l  length of 837 inches i s  given i n  f ig-  
ure 5. The booster was mounted on a bracket cal led a t e s t  bed which i n  turn 
was mounted above the wing of the airplane. The booster was detachable so t h a t  
the bed could be tes ted  i n  combination with the airplane model. 

Ta i l  Configurations 

The various t a i l  configurations used on the model a r e  shown i n  f igure 7. 
Several of these configurations made use of the basic s t ab i l i ze r  as  shown i n  
figures 7(a)  t o  7(d).  Other configurations used a constant-chord s t ab i l i ze r  
with the v e r t i c a l  t a i l s  a s  shown i n  f igures  7(e), 7(f), and 7 ( g ) .  The dimen- 
sions shown i n  f igure 7 a re  full scale; the  f igures  i n  parentheses associated 
with each surface a re  the  area i n  square f e e t  and the aspect r a t io .  The data 
from a par t icu lar  t a i l  configuration are  a l s o  ident i f ied  i n  a l i k e  manner on 
the data plots .  The v e r t i c a l  t a i l  of the basic configuration i s  referred t o  
a s  the f i n  on the data p lo t s  and the auxi l iary v e r t i c a l  surfaces a re  referred 
t o  as end plates .  If both end p la tes  and f i n  a re  o f f ,  the  horizontal  t a i l  i s  
a lso of f .  

TESTS AND CORFGCTIONS 

The investigation was made i n  the  Langley 300-MPH 7- by 10-foot tunnel a t  

The Reynolds number of the t e s t s  w a s  approximately l,39O,OOO per  
a Mach number of 0.2 which corresponds t o  a dynamic pressure of 57.5 pounds per 
square foot.  
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foot  of length. 
borundum g r i t  were placed on bodies and surfaces a t  approximately 10 percent of 
t h e i r  length t o  insure turbulent flow over t h e  model. 

Transition s t r i p s  approximately 1/8 inch wide of No. 100 car- 

The forces and moments were measured on the  mechanical balance system which 
surrounds t h e  tunnel tes t  section. 

Blockage corrections determined by t h e  method of reference 1 have been 
applied t o  the  dynamic pressure and drag, and jet-boundary corrections deter-  
mined by the  method of reference 2 have been applied t o  the  angle of a t tack  
and the  pitching-moment and drag coeff ic ients .  Drag coeff ic ients  have a l so  
been corrected f o r  tunnel buoyancy ef fec ts .  

PRESENTATION O F  DA!TA 

An index of  data f igures  8 t o  3 l i s  presented i n  t ab le  11. A summary of 
the  aerodynamic charac te r i s t ics  i s  presented i n  f igures  32 and 33 f o r  some 
model configurations. 

SUMMARY OF RESUL’IS 

The addition of t h e  bodies t o  the  airplane model resul ted i n  a large loss 

Several configurations involving end 
of d i rec t iona l  s t a b i l i t y  (see f i g .  8) which could be overcome by the  addition 
of a large amount of v e r t i c a l - t a i l  area. 
p l a t e s  and the  o r ig ina l  v e r t i c a l  t a i l  gave marginal d i rec t iona l  s t a b i l i t y  but 
only t h e  twin v e r t i c a l  t a i l s  with an area about 2 1  t i m e s  t he  o r ig ina l  area gave 

a large degree of d i rec t iona l  s t a b i l i t y  with no appreciable nonl inear i t ies  i n  
the  curve f o r  yawing-moment coef f ic ien t  a s  a f’unction of s ides l ip  angle 
( f ig .  32). The combination of t h e  airplane model and the  S - N  booster required 
t h e  addition of end p l a t e s  with a t o t a l  area about equal t o  t h a t  of t h e  center  
f i n  t o  give d i rec t iona l  s t a b i l i t y  equivalent t o  t h a t  of t he  basic  a i rplane con- 
f fgurat ion ( f ig .  32). 
t h a t  were necessary f o r  d i rec t iona l  s t a b i l i t y  resulted i n  the  model having 
greater  longi tudinal  s t a b i l i t y  than with the  basic  t a i l  configuration. 
t i o n  of t h e  S-IV o r  t h e  capsule increased the  mini” drag about 50 and 70 per- 
cent, respectively,  over t h a t  f o r  t h e  basic  model ( f ig .  33). 

2 

The modifications t o  the  v e r t i c a l  and horizontal  t a i l s  

A d d i -  

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Stat ion,  Haapton, Va. ,  December 11, 1963. 

5 

I 



REFERENCES 

1. Herriot, John G.: Blockage Corrections fo r  Three-Dimensional-Flow Closed- 
Throat Wind Tunnels, With Consideration of the Effect of Compressibility. 
NACA Rep. 995, 1930. (Supersedes NACA RM A7B28. ) 

2. G i l l i s ,  Clarence L., Pol-bqus, Edward C.,  and Gray, Joseph L., Jr.: Charts 
f o r  Determining Jet-Bounf3ary Corrections l o r  Complete Models i n  7- by 10- 
Foot Closed Rectangular Wind Tunnels. NACA WR L-123, 1945. (Formerly 
NACA ARR L3G3l. ) 

6 



TABLE I .. BASIC DIMENSIONS OF 1/2o.SCALF, MODEL OF AIRPLANE 

wing:  
Area. sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6.683 

M e a n  aerodynamic chord, f t  . . . . . . . . . . . . . . . . . . . . .  0.843 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12.07 
Taper r a t io  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.228 
Airfoi l  section: 

Root- . . . . . . . . . . . . . . . . . . . . . . . . .  Modified NACA 23017 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . .  Modified NACA 23015 

T o t a l  f l ap  area aft of hinge, sq f t  . . . . . . . . . . . . . . . . .  1.239 
Flap m e a n  chord aft of hinge l ine,  f t  . . . . . . . . . . . . . . . .  0.222 
Maximum cross-sectional area of engine nacelle: 

Inboard, sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.072 
ktboard,  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . .  0.071 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  Span. f t  8 983 

Horizontal tail: 
Area .  sq f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2.002 

M e a n  aerodynamic chord. f t  . . . . . . . . . . . . . . . . . . . . .  0.722 
Aspect r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4.30 
Taper r a t i o  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  0.348 
Airfoi l  section: 
Root . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA641AO12 
Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 64A010.7 

span. f t  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3.000 

Elevator area. sq f t  . 
Elevator mean chord aft 

Vertical tail: 
Area.  . . . . . . . . . .  
Mean aerodynamic chord. 
Aspect .......... 
Taper ........... 
Airfoi l  section: 

Root . . . . . . . .  

span. ft . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  .. hinge line. . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
f t  . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . .  

Tip . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . .  0.301 . . .  0 . 239 

. . .  1.342 . . .  1.575 . . .  0.923 . . .  1.85 . . .  0.345 

NACA 641A012 
NACA 64AOlO.7  

Rudder area aft of hinge line. sq f t  . . . . . . . . . . . . . . . .  0.343 
Rudder mean chord aft of hfnge line. f t  . . . . . . . . . . . . . . .  0.289 
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TABLE 11.- INDM OF F I m S  

Capsule Basic 

Capsule Basic 

Capsule  Basica 

Capsule Basic 

S-I or Basic 

. ~- 

-. - 

~- capsule 

Capsulea Basic 

S-Ia or Basic 
__  

capsulea 
~- __  

Capsule Constant 
chorda 

Capsulea Constant 
chord 
-- 

Capsulea Constant 
chorda 

Capsulea Constant 
chord 

Capsule Constant 

:apsdea Constant 
chorda 

:apsdea Constant 

chord 

~- 

chord _- 
:apsdea Constant 

chord 

:apsdea Constant 
chord 

:apsulea Constant 

EIVa Basica 

3-Iv Basic 

LIP Basica 

3-IV beda Basic 

chord 
- ._ 

~- 

--- - 

~ 

Capsule 

a(266-1.73) I Basic 

a( 266-1.73) I Basic 

(266-1.73)I Basic ~. . 

- ~ -  

-. 

Rear 

L(420-2.08) Rear II -1. 

___~ - 

Tail 
fa i r ing  

Circular 

Circular 

Both 

Circular 

Circular 

Circular 

u i p t i c a l  

x i p t i c a l  

I l l ipt ical  

L l ip t ica l  

l l i p t  i cal  

l l i p t i c a l  

l l i p t i c a l  

l l i p t i c a l  

-. 

. . 

. .  

. - ~ ~  

Both 

_ -  
l l i p t i c a l  

Llipt i c a l  
. .  

.. . 

Llipt ical  

-. - . .- 

Uip t i ca l  

t l i p t i c a l  

- .. - 

~- 

__------- 
. ~~ . .  

.-------- 
- .. - 

. _ _  - -- - - - 
___------ 

strut 
shape 

u r f o i  

u r f o i  

l i r f o i  

Both 

Round 

u-rfoi 

Round 

Round 

Round 

Round 

Round 

Round 

Round 

- 
Round 

.. . 

Round 

Round 

Round 

Round 

a1 

del3 

0.42 

,8 t o  1 

0.43 

0.43 

0.44 
- 

~- 
a to 1 
-. ~ 

0.44 

0.43 

- 

0.42 

8 t o  1 

0.44 

.. 

0.42 

3 t o  1 

_. 

0.42 

- .  

0.43 

3 to 1- 

0.42 

~ .. - 

1.20 

~ _ _  ~ 

3 t o  1: 

-0 t o  'i 
- ~~ 

0.41 

0.41 
. - 

1 t o  1: 

\ t o  1: 
- 

- _  - 

B1 
deg 

-8 t o  I t  

0, 5 
-8 t o  It 

-8 t o  1 6  

0 

0 

-8 t o  1 6  

-a to I E  

-8 t o  16 

0 

.a to 16 

.8 t o  16 

-_ 
OJ 5 

8 t o  16 

8 t o  16 

0 

- 

8 t o  16 

a to 16 
- 

0 

__ - 

0 

8 t o  16 

8 t o  16 

0 

0 

- 

- -  

'rJ 
deg 

0 

0 

0 

0 

3 t o  z 

0 

0 

0 

3J 20 

0 

0 

0 

- 

0 

0 

0 

0 

0 

- 

0 

0 

____ - 
0 

- -  
0 

J lo 

0 

0 

je 
le 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

1 

1 

1 

1 

'f 
le 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

3 

3 

3 

1 

1 

1 

- 

1 

) 

) 

1 

) 

-. 

%igures a lso  include data with component off .  
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Side force 

i5czlIlz 
Re/fftive wind 

Longitud ina / 
force 

ffo/ / ing moment 
I3 

L i f t  

Moment reference 

Figure 1.- Stability-axis system. 
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Efevotor hinae fine 720,0 1 
010.65 

el-0 Fuselage reference plone 1 

1 
66.4 
7- Rudder hinge fine 

o f  0.65 chord 

8 

4 
_____.-_ 

Reference dimensions 

Airplane Model 
Wing area,sq f t  2673.2 6.683 
Mean aerodynamic chord,ft 16.86 ,843 
Span,/ /  179.66 8983 -649.80 

Figure 2.- Three-veiw drawing of bas i c  a i rp l ane .  A l l  l i n e a r  dimensions a re  i n  inches unless otherwise ind ica ted .  



Front view 

T- 
I 

2m.o 

i Fuselage ~ reference _ _  
Rear view 

shroud 

1781.8 ~ 

h 1404.0 ~ 

435.0+34.0 

_- 

Figure 3. -  Capsule mounted on airplane i n  basic position. Linear dimensions are i n  inches. 



r Forward shroud ,--Tank fairings--, 

' 
Top view o f  S - I  with nose andtail  fairings 

280 

Side  view o f  basic airplane and capsule 

Figure 4.- Capsule and S-I mounted. on airplane i n  rear position. Linear dimensions a re  i n  inches. 



Figure 5.- S-IV booster  mounted on a i rp lane .  Linear dimensions are i n  inches. 



L-61-1729 
Figure 6.- Photographs of l/X)-scale model of capsule and basic airplane configuration mounted i n  Langley JOO-MPH 7- by 

10-foot tunnel. 
position; round support s t ru t s .  

Inset  end plates (420-2.08) on basic s t ab i l i ze r  (591-2.68); e l l i p t i c a l  t a i l  fairing; rear  capsule 



Figure 6 .  - Concluded. L-61-1730 



llll1111l11ll II I I I I  111111 I . . . .. . - ._ .. ._ I .  
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Figure 9.- Effect of ve r t i ca l - t a i l  configuration and capsule on l a t e r a l  s t a b i l i t y  parameters. 
Basic s tab i l izer ;  c i rcu lar  t a i l  fairing; basic capsule position; airfoil-shape s t ru t s .  
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Figure 16.- Effect  of rudder def lec t ion  on aerodynamic c h a r a c t e r i s t i c s  i n  s i d e s l i p .  B a s  
s t a b i l i z e r ;  e l l i p t i c a l  t a i l  fairing; r e a r  capsule posi t ion;  round struts; u = 0 .42O.  
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Figure 20.- Ef fec t  of capsule and v e r t i c a l - t a i l  configuration on l a t e r a l  s t a b i l i t y  parameters. 
Constant-chord s t a b i l i z e r ;  e l l i p t i c a l  t a i l  fairing; r e a r  capsule posi t ion;  round s t r u t s .  
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